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libstract - 2,2'-Biphenoxyborane (Ir3,2-biphenyldioxaborepin, 11, readily avail- - - 
able from the reaction of 2,2'-biphenol with brane in THF, reacts with alkenes 

0 
readily at 25 C, or rapidly at 68@c. md with alkpes rapidly at 25Oc, to give 

the corresponding alkyl- and alkenylbiphenoxybranes in high yields. These hy- 

drobration reactions proceed stereospecifically in a cis m e r .  A similar re- 

gioselectivity to catecholborane is realized with a greater reactivity. 

As one of the newly developed hydrobration reagents, partially substituted boranesr2 catecholbrane 
3 

4 5 
appears to he an interesting and useful one for both alkenes and alkynes upon heating to provide, 

for the first time, a convenient synthesis of alkane- and alkeneMronic esters and acids. These hy- 
4-6 drotoration~ proceed stereospecifically and regioselectively. However, the reaction of alkenes 

and alkynes at "0-1 tunperatwe, such as at room temperature, is very slow. The reaction requires 

elevated temperatures for sufficient hydrobration rate 1 1 0 0 ~ ~  for alkenes and 70% for alkynesl. 3 

In the course of developing new hydrobrating agents, we observed that brane reacts rapidly at -10% 

with 2,2'-biphenol in THF to form 1.3,2-biphenyldioxaborepin (2,2'-biphenoxyborane. 1) (eq.1). 7 
- 

- 
This disubstituted brane reacts readily with alkenes at 25 or 68Oc and rapidly with alkynes at 25% 

to give the corresponding alkyl- and alkenylbiphenoxyborane in high yields (eq.21. The products un- 

dergo hydrolysis rapidly to give the corresponding alkane- and alkeneboronic acids. 

The reagent is stable at least for 6 rmths at O'C when kept under dry nitrogen. The 8-11 ~ n r  spec- 

trum of 1 in THF shcwed a broad doublet centered at 6 9.4 ppn (JB-H = 121 Hz1 . The reagent without 
further purification is good enough for hydrobration reactions. 

The rate of hydrobration of various alkenes with 10 role% excess 1 in THF is s m i z e d  in Table 1. 
The hydrobration of terminal alkenes at rmm temperature was usually completed within 24 or 48 h. 

Heating to the reflux temperature Ica. 6g0c) accelerated the hydrobration reactions to be complete 
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Table 1. The Rate of Hydrobo~ation of Alkenes with 2,Z'-Biphenoxyborane in Tetrahydrofuran at  R m m  

~emperature~ 

Hydride used for 
Alkenes Tim, h 

hydrobration 
b 

- 
1-decene 1.0 0.53 

6.0 0.65 
12.0 0.78 
24.0 0.91 
48.0 1.00 
0.5~ 0.71 
1.0 0.84 
2.0 0.93 
4.0d 1.00 
1.0 1.00 



styrene 

d -methylstyrene 

HETEROCYCLES, Vol. 32, No. 3, 1991 

a) 10 Mol % excess reagent used : 0.5 M in compound. b) moles of reagent per nole of compound. 
C) At 50'~. d) Under reflux. 

within 1 h. The rate of hydrobration of hindered internal alkenes, such as 2.3-dimethyl-2-butene 

and 2.4.4-trimethyl-2-pentme, was much slower, requiring 3 and 5 days for completion respectively, 

but under reflux the reaction was mvleted within 6 h. Cyclohexenes examined also undemt hydro- 

boration readily. It required 3 or 4 days far complete hydrobxation at r- te-rature. This re- 

agent also readily hydroborated styrene, however the mthyl substitution on the double bond retard- 

ed the rate of hydroboration, requiring 3 days at room temperature. The reaction was accelerated 

upon heating to be CMnplete within 3 h. In general, the rate of hydroboration with biphenoxyborane 

appears to be much faster than that with ~atecholborane.~'~ 

The directive effffts in the hydrobration of alkenes with 1 were also investigated. Rfter standard 

hydroboratim with the reagent (10% excess) under reflux, the product in each case was oxidized 

with alkaline hydrogen peroxide, and the oxygenated products were identified by gc analysis. The 

results are sum~~ized in Table 2. 

Table 2. Directive Effects in the Hydrobration of Alkenes w i t h  2,2'-Hiphenoxyborane under ~eflux~ 

Total yield % composition 
Alkenes Time, h 

Of 2 ( % I  b d product 4 product b 

1-octene 
1-pentene 
3.3dimethyl-1-butene 
1-mthylcyclohexene 
2,4,4-trimethyl-2-pentene 
styrene 
d-methylstvrene 

a) 10 Mol % excess reagent used. b) By gc analysis of the oxygenated products after oxidation with 
alkaline hydrogen ~oxide. c) Position of the attachment of bron in R-C -CHclor R<H -CHd<H3. 
d)  At 50'~. e )  At 25 C. f -  P 

The reagent s h m  a high selectivity in placing the boron atm preferentially at the less hindered 

carbon atom, in similar to that of catecho~borane.~ Especially, in the hydroboration of alkylated 

1-alkenes, such as 1-mthylcyclohexene and d-methylstyrene, the selectivity reaches essentially 

100%. 

The mnohydroboration of alkynes with this reagent in the stoichimetric ratio (1:l) was performed 

in TIE at r m  temperature and the results are s m r i r e d  in Table 3. 
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Table 3 .  The Pate of Monohydrobration of Alkynes with 2,2'-Biphenaxybarane i n  Tetrahydrofuran a t  

ROOm ~ e m p e r a t u r e ~  

Alkynes Tim,  h Hydride used for 
hydrobrat ima 

a) An equivalent of reagent used : 0.5 M i n  each mmpound m d  reagent i n  THF. b) A t  O'C. 

The r a t e  data i n  Table 3 reveal that ,  in general, terminal alkynes undergo slowly hydrobration a t  

o°C, but a t  r w m  -atwe the reactions are rapidly completed within 3 h for temim.1 alkynes 

and 6-24 h for internal alkynes. Again, the react ivi ty  of t h i s  reagent toward alkynes appears t o  be 

much higher than t h a t  of catecholborane, which requires the reaction temperature of 70% for ob- 

taining a sat isfactory rate. 3 .5  

The direct ive e f fec t s  in the mnohydroboration of terminal alkynes and u n s m t r i c a l l y  substituted 

internal  alkynes were a l so  examined and the resu l t s  are  sum^^-ized i n  Table 4. 

Table 4. The Directive Effects i n  the Monohydrotoration of Alkynes w i t h  2,2'-Biphenoxybrane a t  

Room Temperature 

Total yield 8 c~opos i t ion  
Alkvnes Time. h ~ 

of 3 1%) D( productb p product 
D 
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phenylethyne 
3-chloropropyne 
2-hexyne 
diphenylethyne 
1-phenylpropyne 

a) me reaction Product was oxidized, and the oxygenated products were determined by gc analysis. 
b)Position of the attachmnt of boron in R-C C %  or R-C =C <H3. c) By gc analysis of the mno- 
hydroboration product. dl Theoretical ratio. F f d  

As is evident from the data, both the steric and electronic natures of the substituents play major 

roles m affecting the direction of addition of the 8-H bond. 1-iiexyne and 1-heptyne gave 94% of 
the terminal hydroboration products, the corresponding aldehydes. 3,3-Dimthyl-1-butyne, with the 

greater steric requirement, afforded exclusively the terminal hydroboration product. 99%. Phenyl- 

ethyne and 3-chloropropyne shoved the considerable electronic effects of these substituents. Phe- 

nylethyne, for example. gave a mixture of the isomric carbonyl compounds, produced by the alkaline 

hydrogen peroxide oxidation of the reaction mixture, in 96% yield, of which only 90% was phenyl- 

acetaldehyde with the raining 10% of acetophenone coming from attack of this reagent at the in- 

ternal position, in a similar pattern of catecholborane. 3 

In the mnohydroboration of unsymetrically disubstituted alkynes with the reagent, the results re- 

veal that the boron atm attacks preferentially on the carbon atom at the less hindered position 

of the triple bond. The electronic effect of the phenyl substituent also c-s to be considerable, 

but the steric influence is still dominant in placing the boron atom on the less hindered carbon 

atom. In addition, the m spectral examination of alkeneboronic esters obtained by the hydrobora- 

tion of 1-alkynes with 2,2'-biphenoxyborane revealed that the addition of the boron-hydrogen bond 

to the triple bond occurs in a stereospific cis m e r .  

The reagent. 2,2'-biphenoxyborane (1.3.2-bipMyldiobrepin, 11, was prepared as follows. A 1.2 M 

solution of brane in n i ~ ~ ~  (250 ml, 300 -11 , mintained under nitrogen, was placed in a dry 1-1 

flask which was connected to a h d  vent through a mercury bubbler. The flask was cmled to -loOc 

using an ice-salt bath, and a prermled solution of 2,2'-biphenol (57.56 g, 309 mall in 'ImF (200 

mll was added over 1 h to the borane solution with stirring at -10%. Rfter completion of the addi- 

tion, the reaction mixture was stirred for an additional 2 h at that t-rature. The reagent was 

found to be at least 95% pure according to 8-11 nmr spectral analysis. This reagent (0.65 MI in 

THF was directly used for further reactions. 

The follcwing procedure for the reaction of l-decene is representative for determination of the 

rates and the directive effects of hydroboration of alkenes and alkyres. A 100-ml flask, quipped 

with a side arm and a condenser connecting to a mrcury bubbler, was charged with 16.9 ml of the 

borepin 1 solution (11 -1). 1.40 g of ldecene (10 -11 and a sufficient m u n t  of THF (1.2 ml, 

the reaction mixture to be 0.5 M in the olefinl. The reaction mixture was then heated to be under 

reflux, while the whole system was mintained under nitrogen. Hydrolyzing of aliquots with a mix- 

ture of glycerin-water-methanol (1:l:l) at appropriate intervals revealed the hydrobration to be 

essentially camplete in 1 h. 

Into a flask containing 8 ml of the reaction mixture, 0.68 g of dodqzane (4.0 -11 as a standard 

was injected and the mixture was cmled at O'C. The oxidation was done by the dropwise addition of 

3 N sodium hydroxide (6.7 ml, 20 -1) followed by the dropwise addition of 30% hydrogen peroxide 

(2.7 ml, 8 -11 at 0%. The temperature was subsequently brought to rmm temperature. The mixture 

was then stirred for 2 h, diluted with water, and extracted with pentane after saturation with po- 

tassium carbonate. The extract was washed with brine, dried with anhydrous magnesium sulfate, and 

subjected to gc analysis : 97% yield, comprising l-decanol (97%) and Z-de-01 (3%). The oxidation 
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of 2-alkenyl-1.3.2-biphenyldioxaborepin with hydrqen peroxide and sodium hydroxide was similarly 

carried out. 

It is evident that developmnt of 2.2'-biphenoxyborane as a selective and reactive mnofunctional 

hydroboration reagent for alkenes and alkynes should find wide application, especially in cases 

where milder reaction conditions than those catecholMrane requires3+ be essential. The hydrobo- 

rations of catecholborane proceed practically at 1 0 0 ~ ~  for alkenes and 70°c for alkynes, whereas 

2.2'-biphenoxyborane undergoes hydrobration practically at r m  temperature or under reflux for 

alkenes and at r m  temperature for alkynes. We are also currently investigating the reducing char- 

acteristics of this reagent, which will appear in a journal shortly. 
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